Mechanism of in vitro collagen fibril assembly. Kinetic and morphological studies.
The kinetics of in vitro fibril assembly of Type I collagen preparations that contain different amounts of covalently cross-linked oligomers was studied with turbidimetry. Fibril formation showed a lag phase with no solution turbidity and a growth phase with a sigmoidal increase in the solution turbidity. The length of the lag phase was inversely related to both the total collagen concentration and the amount of covalently cross-linked oligomers in the solution. Double logarithmic plots of t1/4, the amount of time it takes for 1/4 of the collagen to assemble into fibrils, versus the total collagen concentration were linear but the slope decreased from -0.84 to -2.3 with decreasing amounts of covalently cross-linked oligomers in the samples. Electron microscopy showed the formation of unbanded microfibrils with diameters in the range of 3-15 nm early in the lag phase and larger diameter banded fibrils coexisting with the microfibrils near the end of the lag phase. Centrifugation of the solution at the lag phase prolonged the lag time, presumably by removal of microfibrils, but subsequent growth of the fibrils was unaffected. The results suggest a cooperative nucleation-growth mechanism for the in vitro assembly of collagen fibrils which is consistent with the results of an equilibrium study of the fibril assembly reaction we reported earlier (Na, G. C., Butz, L. J., Bailey, D. G., and Carroll, R. J. (1986) Biochemistry 25, 958-966).